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1. Introduction

‘1’l]e 1990’s liavc ])mvcn  themselves to be a decade of unp~tccdented  growtl]  i~l the field  of wireless
infor]lmtion  scrviccs. Vcllicular-t)ased users t r ave l ing  a t  hi[’,11 speeds tllruugli high po~)ulation den-
sity areas arc well  served by tile current and evolving la]ld-bascxl  cellular Iletwork. lIowevcr,  for
users  iu mnotc  or i]lacccssiblc locations, or for a]q)licatious that arc broadcast OVCI  a wide geo-
graphic  arm, la~ld luobilc satellite systems arc bcco]ilinp;  a]l illcrcasilgly ])opular  altcmmtivc. Ijancl
]nobilc satellite systems allow truly ubiquitous wireless Cc)lllltlllllic:Lti[)lls to users allnost allywllcrc
at all.ytilllc.

Many operational terrestrial wireless systmls operate at UHF ( 800 hl}lx), while most satellite
syste~]ls  oI)cratc at 1,- a]ld  S-bands (1 -3 {; IIz). As tllc illcrc:]sing dcma]ld for mobile coll~~nu~lication
ca~mcity  COI]SU]lICS  tllc available bandwidth allocat iolls  at 1 JIIF’,  1,-, a~)d S-lm~Ids, K- and Ka-baud
frcquc]lcios ofltir  pc)tcntial relief.

Ilowcver,  tllc c[)llll~lll~licatio]l  cllarlne]  bctlwccn  a satcllitt! a~]d a lallcl lmscd  ~]lot)ilc  user  ])rcscl]ts
a chalkmgc. Multipatll interfmmcc aud s h a d o w i n g  c a u s e  s e v e r e  variatio])s i]] the rcceivcd power
~naki]lg  co]lstant,, r e l i a b l e  col[ll~l~]llicatiolls  difiiculi and li]lliting syste]n ~)crforlllallcc.  The eff’ccts
of shadowing arc the ]Ilost  severe source of signal outages in a land mol)ilc  satellite syste~l].  ‘J’lIc
attc~luatioll duc to slmlowing  illcreascs with frcquc~lcy:  1~-l)i~]ld  is worse than UH1”, S-tEUId  is wc)rsc
that) IJ-balld, etc. Sillcc K-band frcqumcics arc tcnl tilllcs 1 }iose at, Ij-barld, a thorollgll  a]ld  ca r e fu l
awd, ysis of the faclillg  cftkct,s is required to assess tllc viability of K-tmll(l  ]nol)ilc  satellite systems.

N A S A ’ s  AdvaIIced Colll][lu]lic:ltio]ls  Tecllnolop)y  Satell i te (AC’I’S)  l)rovides  all ideal sl)accd-
b a s e d  l)hitforln for allalyzil]g the K/Ka-band  Illot)i]c  satc]l ite c]latlncl ‘]’his lJaper reports  on the
resul ts  of  tlw K-lmIId  nlobilc l)ropagatioll analysis  ca~n~w igu usill~  ttic ACTS Mobi l e  ‘J’crminal
( A M ’ ] ’ )  devclo])cd by {lIC Jet ProlJulsio]l  I,aboratory  (JI’I ). ‘J’hc objcclivm of tllc ~]lol.)ilc propa-
gal,io]]  cxl)erilllc]lts were to llwasurc and analyze tile fadill{’, cl]ara(:teristi(:s of tllc K-band cllallllcl.
The a~lalysis  illvc)lvcd cxamini]lg pilc)tl tollc tests in (Illrcc cntiron]ncnts:  lip,l]tty shadowed suburtml,
l[lodcratcly  slmdowcd suburban and heavily shadowed sublirball.

‘111)[:  systmu used to col lect  the data and a clescriptitln of tile ctlvirol]]ncllt arc  out l ined ill

Sectio]~ 2. %ctioll 3 prmmts the measurement results as WC1l as a coni])arison of K-band mobile
l)ropagatiol] results with ])ro])agatioll  results at lower freql]cncies.

.—
“1). I’i]lck is with tIlc Jet I’rol)ulsio~~  I.al,omtory,  Califor~, ia I]lstit[](  c:of”~ecll~l~)l[, gy, hlail Stop 161-241, 4800 Oak

(+r(,vc  I)riv(’, 1’?lsa(l(:lla,  CA 91109.
t~[, I{icc is \Vit]l t]l[ l){l):~rLlll~Iit,  of H](,Ct,ljCal & CoIIIIIUt,(Lr k,r]gill(wril!g,  Iltigliart)  YOUrIg  University, ~’~~~’[~,  UrI’
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Figure  1: AC”I’S  Mobile’J’mninal  Systcm Confip)ur:ttiol)

2 Experiment Description

2.1 Sys t em l“)mxmiption

NASA’s  AC’J’S satmllitc provides a stationary platform idwdly suited to tllc mcasumncnt of lnobilc
}]m~xlgatio~l cflccts at K/Ka-tmncl (20/30 GIIx).  JI’1, has clevclopc(]  a l~rcJ(Jf-c)f-co~l(:cl]t  brcadl)owd
~nol)ilc tcrlnil~al systmn to operate  in  conjunct ion with .AC”J’S at K/ Ka-l)and  called the AC~’S
M o b i l e  ‘Jkmninal  (AM”]’)  []]. Field tests conducted durinp,  tllc first, 7 Jt)oItllis  of 1994 using JI’1,’s
AMrJ’ I)rovidc cl)anncl cllz~lz~ctcrizatio~l  clata for tllc K-band  land- mc)l)i](  satd]itc chaIIIIcd.

As depictccl ill Figure 1, the systcm is comprised of a bent ~)il)c ~)1 Ol):]gation  link conncct,ilig
icr~tlillals at fixccl mld l~lobilc  s i t e s . ‘J’hc f o r w a r d  cllan~lc] ori~irlatcd :it tl[c  fixccl static~n  wi th  a

29.634 G] Iz l)ilot tone. ‘3’his pilot tone was rcccivcd by A(TS,  mixed to tlkc downlil]k frcc]uc~lcy of
19.914 (;117,,  and translnittccl on the Soutllmn Califc)rllia spot  bcalll. ~ ‘Ilc fc): warcl cllal Incl ofl’krec]

a coln})ositc  CJ/lYcl  of 55.63  dI1-IIz  and was the basis for tlm K-band results.
‘J’llc AM’J1 is cqui])l)cd wi th  a  small (8” x  3“)  higl]-gain rcficctol a}ltmll)a  [2]  w}lich t r a c k s

the satel l i te  ill azil[luth for  a  f ixed elevat ion a~lglc (46” jbr  tl]csc  cxl)crilncnts). ‘J’lIc antc~)lla  is
~[]ccl)a]lically  stccrcd aI~d acquires and tracks t,lle satellite over  tllc c!lt,im 360° of azilllutli with a
l)oint,itlg  er ror  ICSS t,llall 2°. Vclliclc  turn rates of u]) to 44” })c:r  s[xo]t(l  call  lm z~(:cc~l[lrllc)(lt~tc(l. tllc
a)ltclllla ll;Ls a C;/r J’ c)f -6 clll/K over a  b a n e ]  w i d t h  c)f 3(10 MIIz. ‘J’hr  ~ (l]] bc;LIo widl,]l  i s  Ei.gO

ill clcvatio]l a]ld  36° in azillluth.  ‘J)hc  antcllna poitking  s,vstcms  cmal)lcs tl]c  a]ltcrllla to track t h e
satcl]itc for all ~~ractical  vclliclc Inancuvers.

in sul)~mrt, of AMrl’ field experiments, clata analysis software algoritbllis  IIavc bccm dcvclopcd  for
~)rocessing  t,llc: various data reccivcd at the fixed  and lnol)ile  tcmni~kals. ‘1’llis proccssill,g is carried

out I)otll l)y tbc ])ata Acclllisitioll Systenl (I) AS)  as WC1l as the Ah4rJ’  S1 ‘A IKXtatioll  A]mlysis ‘Jbol
(A SA’J’),  ‘J1hc 1 )AS serves several IIurposcs: (i) data rccluction, (ii) “c~uick-look’) clata a~lalysis  ancl
disl)lay,  LLtld  (iii) data recording for post-test analysis by JISA’1’. ‘J’llc prima~y plllposc of ASA’J’  is
i]l-dcl)tll alla]ysis of clata-cvcnlts  colkxicd  from both th(; fi XCC1 and Inobilc tmnillals.

‘1’lIc I )A S, illustrate ill Figure 2, l[lcasures inljllase pilot volta~,e  level :LII(l tlIc  ~lo~l-collc~cnt  ~Jilot
l)owcr  lCVC1. ‘J’IIc  inpllasc pilot voltage level was sam~)lcd  at 4000 sal IIl )lcs/second ill a baI)dwidtll
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l“igurc 2: AMrJ’  I)ata Acquisition] Sys~cIn lllock l)ia~rarn

of 1.5 kllz a~ld was USCC1 to allalyzc the challllcl c h a r a c t e r i s t i c s  pr{!sc]lt(!{l  ill this ])a~)cr.  ‘1’he daia
WCI’(!  sLOI’Cd on ~ G1 )yt~ ~,XabytC t,ap(X fO~ Of[-]i IIC (WILlat,i  Oil. ‘J’lic vclliclt I)osition, vclliclc velocity,
ZLI~d  t<illlc sla~ll~) w e r e  (Icrived  frolll  all olbboard  <;1’S s y s t { ’ i n  ancl ul){latcd  OIICC  cacll  scco~id. ~’llc
l)AS also l)rovidcs real-tillm displays of varicms  ~)arwlwtels to aid tllc [:x~)t!)illl(:lliers  i]] t}lc field.

‘J’llc ASN1’ is divided into two catcgorics: (i) data cxtr:lctio~l and (ii) (Iatja allalysis and dis~)]ay.
‘~’ll(!  data cx~ractiol) r o u t i n e s  allow  (Iata StOrCCl  01) t he  ~ (; byt,[! 1’;xabyt(: tii])(!S  tO  ])c S~LV(!d  ;1S filcs

mI t~lc!  Sl)Alt~St,at,  iou. ‘i’hcsc! fikx can thCIl k! alldyd UShlg  ally ]luIJl~x!I  O f  M)ftWaK! pWkagC!S

illcllldil)g Matlal). Altc!rllativdy,  t he  da t a  could bc inter])]  etcd by Lll(: A SA’JI arlalysis and clisl)lay
ca~ml)ilitics.  ‘1’lwsc cal)abi]itics inc]udc! the coln~)utatioll of v a r i o u s  fadill~, s t a t i s t i c s  (frolll  p i l o t
l)owcr  aTld bcaco]l dat?L  at t h e  lllot)ilc  tcrmirla]  and fixc!(i tcrlllillal, l“(!S]X!(:(i VC]y)  :LS W(!]1 ?LS  t]l(!

joint,  fade statistics (i. e., t rajectories in the 2-1”)  fa(lc  I)lallc. ). ‘J’l\(!  l)]ots  iII(:ludcd ill t}lis l)al)cr w e r e

g(!l  K!I’<Lkd USillg t]]{!  ASAr]’ kO].

2.2 Overview of Campaign

1 )ata were collcctcd i]) a variety of locations in Ord(:r  to Cllaracterizc!  crivil olllll(!llts  t,y~)ical of Illobilc
satellite a~)l)licat,io]ls. 1]1 tllc ELbsc!]lcc of any standard  defini  tiolls for tllc various cllviron~rlcrltal  coll-

ditiolls ty])ical of laud nlot)ilc satellite channels, a set of gcllcral classifications s~mcific to Southern
~;aliforllia W:LS ado~)t,cd. All I’U1]S ill this lllCaSlll’ClllCllt caln})aigll  WC1”C! co]lductcd in 1 ‘asaclcl  Ia, Cal-
ifornia wllicll ~)rcsellts  tL scaso]lal]y illvariallt suburban envi  rolilllcl\t. ‘J’11(: (:ll\ilc)lltllcllts arc divided
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Tab]c  1: Nnvironmcnta] characteristics of

RLJN ] CKI’.

020201 r 1

1-070901  11
070903 111
070905 11_.—.
070906 111

:1:
7)70!307 11
070912 111
070914 111
071016 - 11
071017 11
0 7 2 4 0 5 - ‘ - 1~
072406 “11
072407  ‘ - ”  11
072408 11
0 7 2 4 0 9  ““ 11
072410 11-

072411

-..1:::

11
072412 ““ 11

illtlo t,llree

c a t e g o r y

I)lltItC1’ION

W[!st straight__— .—— —_— — .——  -—= .—.
south, right  lane straght
north curved
north, right  laue-  straight
South - curved
north, left laue straight_.. __. __—_— — .-. .. —.—. — .
south curved
11OM1 curved
north  lsouth curved,—
uorth/south curved
east, left lauc strai~ht
west. left lauc strai~ht
east, right lauc straight
west,  right laue strai~ht. .
“sout]l. right  lauc straif+lt./
]lorth,  right  lane straight
south, left Iauc st,ralght
north, left lauc st rai~l]t.-

1’l;RRAIN_.— ——
hilly_——  —
list
flaii
flat
flat
flat

hilly
hilly
flat “
flat
hilly
~lilly
fki -

fhi
fhlt,
flat
flat
fiat

)road  categories based on tllc tyl)e of roadway:

1 :  alilllitwl zLcccss ltllllti-ltL1lcfrcc\vay

Category II: a broa~l  suburba~l
cause illt[:llllitt[:llt, blockage

tm!s’
trees’

-.—

caIIoI)ics  covw road

t!’c!cs”

trees’
ti’;c!s 1
trw.x’
trees]

j)olcs
])01[%
l)oIcv+,  buildings
})01(’s

t h o r o u g h f a r e  lil]d witl]  trees and l)uildi~lgs.
and the Luildillp,s  a r c  Citllcr  too fal IcIIIoved

or not tall enough to cause significant blockap;c.

Category 111: a slllzdl,  two-lane roadway lillcxl with trees and buil(lilly,s.  ‘I]lie
cover  t}lc (!lltjir[! road wtLy a~ld l)llildiugs arc {:lose Cl]ougll to cent riljutc to

‘J’lle
froln

tree canopies
tllc! IOLLd side

tl”ce c:Lllopics Oftml
tile fadil]g ])rocms.

‘1’l]is  descril)t,io])  is ]tlost  al)l)ro~)riatc  ill
dc])c]ldm]t  011 tile Ilat,urc  of tile road.

this case si~lcc the tjpe aIId kin(l  ofol)stlllct,io]ls”  arc strong]y
‘1’able 1 shows a su]nlnary  of tllc cll\rirc)llll)(!lltal  features of

tllc AM’J’ ]’(111S.

1111 or&r  of collc(,[ltr:lti{)ll:
‘III order of concmltration:

SoutlLcrD  Ivfagllolia, FaII IQ 1 )ak l’dIII  Coastal IJilfc
Coastal live Oak, Southeru  Magllolias,  IIolly  Oak.

oak) Califor]lia I’q)pcr

4111 order of co]lcm~tratio]):
Cyprus.

5111  order of c.o~icc]itratioll:
“III ordm of collccntration:
71TL  order of colicnitratioll:

Oak, l’i~le, Syca]l)ore, ~lagno]ia, Ccclat, Eucalyptus, l’alIIl, (~aliforllia l’cppcr,  ltalian

ltdian Cyprus, Palm, Califorl)ia Sycalncm,

IJicus (aka Indiau IauId  Fig), l)atc I’;ilm.
Eucalyptus, Faxl and Date I)al]n.

)Cadola  [:cdal
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3 Measurement Results

3.1 Theoretical Considerations

‘1’IIc  ~jrilnary contriblltors to sigma] fluctuations ill the lal)d-mobile satellite cha]lncl arc mu]tipath
intcrfcrm)ce and slladowi~lg  [3]. Multipath  interference is tllc dcstructiv(:  interfercnc(! caused by the
rccc~)tion  of ra]ldoinly phased  r e f l e c t i ons  o f  tile translnitt cd sigglal ~1].  ‘1’l]e tratls~oittcd  satcdlitc
sigllal rcccivcd by the ]nobi]c  terminal consists of three m:ljor coIIl])o]lcI)t,s:

1. ‘1’11(!  l,i~lc-Of-Sight (1,0S) component  which arrives at the rect!iver  via a direct path.

2 .  ‘1’l)e  Sl)ccular ~onll)ol)cnt  wllicll  co]lsists o f  a  s]nal  1 number o f  dect,ions.  g’ypical]y,  tllc
domi]lant  reflect, ion is the ground rcflcctioll which arri vcs at t llc rcceivcr at a negative clcwation
amglc! aIld  call bc ncglcctcxl  duc t o  tllc attcnual,  ion cficcts o f  t i l e  ul)ward-lookillg  rcccivcr
axltc]lna [5].

3. ‘1’]1(! ] )iffllsc: (k)lll})(Jll(>llt,  wllic]l  consists  of a large IIIlmbc!r  of w(!ak  r(!flcctioI)s  wit]l r a n d o m

altll)litudcs a]ld  ~)}lascs.

Slladowillg is tt]e com])letlc  or ]mrtial obstruct ion of  tllc trallsl]littc(l signal caused by the al)-
sor})tio]l  iL]l~l scattcri]l~  of tile i~lcidc~lt, direct sig~ml by roatlsidc trees or ot, tlcr  obstacles ill the lJatll
tJ(!twecll  t,lle sat(!llitc a]ld  tllc vcllicle  [3] .  Mobile  satc]litc experinlcl]ts  :Lt, 1,-lmncl [6, 7] SIIOW  tha t
tjllc cflbcts of slladowin~  doloillat[! tllc statistics of the Iec(ivcd  si~;llal.

‘1’lle co]rll)illatioll of l~lultipat,ll  i~ltcrfcrmlce  and s h a d o w i n g  lna IIifests  it,sclf  as relat,ivcly rapicl

v a r i a t i o n s  at)out a local ]IlctLll signal l)owcr  (due to tllc ll)ultilntll illtc:)fcl(~llc(!) su~)erinl~)oscd  oIl
relativ(!ly slow variat,iolls ill the rcccivcd signal l)owcr  ((Iuc to stladowi~)p,)  [8].

otlleI fa(:tors colltributlillg to variat,iolls in the rc!ceiw:d sigllal  l~owel i n c l u d e  i,lIcrIntLl n o i s e ,

Faraday rotation, and iollosl)llcric scintillation [9]. ~’hc col]tributio]l  of’ t lIcse factors relative to the
ftl(li]lg  caIIscd  t)y slmdowillg;  aIId multi])ath illtcrfer(:]lcc  is so small that tllme (!f~ccts  Imy bc igllorcd
011 a WC]] (]esignc!d sat,c]litc link.

‘J’lle t)cst way to cllaract,crizc a fading channel is by looki~lg at t,]le fade dc~)th  statistics. F’adc

dc])tll detcllni])m lIow often tllc f ades  a r c  wor se  tl]cn a J); wljicular  fa(]irlp;  tllrcsl]ol(l. ‘J’llc r e s u l t s
:Lre d(!scril)e(l  ill tllle followi  I]g sectiol)s as well as a com])arison of fa(le d(:])tll for K- baIId with fade

dc’l)t,ll at lower frequm]ci(!s.

3.2 Description of Mcasurec]  Data

‘J’il)lc  sclies fo]. two  I(:})r(:s[:lltativ(: Iu]ls  are i l l u s t r a t e d  ill F’igurcs 3  aI]d 4 .  II] t,tlesc  I)lots,  tllc

Icceive(l l)ilot ~)owcr i s  norlllalizcd t o  tllc ])owu o f  uIIsllaIlowcd  lille-of-si~l]t  ])owcr  level.  ‘J’llcsc
])lots  slIow (:l)al:~ctclisti(:s  ty])ical  o f  la]ld  ]Ilobile  s a t e l l i t e  (:olllllllllli(:;lt,io]l systcIIIs:  sl]tLllow fades
due to ]Ilultilmt,ll  illtlcIfcre~lcc  a]ld  dcel)  fades duc to Slladou’ing  su~)crilrl})oscd  011 slow variations ill
t i l e  lIlcall sigllal J)OWC!I  duc to cl~allgcs ill tllc shadowillg  ~)rofilc of ttlc IO(:ill  envimmucnt.

3 . 2 . 1  Faclc IIcpth S t a t i s t i c s

111 colll])ut,illg  tllc fad(! de])tll s t a t i s t i c s , or cunlulativc  fad(, dist,rit)utioll, a~l av(!ragc  clcar-linc-Of-
sigllt, I)ilot data levc 1 is first (lctcrlnillcd. Wheli a fa(tc  is encountered,  tllc ])ilot  level  cluri~lg tl)c  fade
is COII1]XLNX1  to tflle ])rcvious]y col Il])uted  clear-line-of-sight l(wcl to dctcrnline  tllc fade lrvel for that
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‘1’abk! 2: Sunlmary of Fade Excccclancc I.) CVCIS

LLJEzi;z“:’a?:;i
R020201 – 1– ‘---—–””--m - “ -—- ’ -— 

0.2 -- = “0:1
070901 11 — 8.0

~ w

1.0 ‘-–- ‘1.()
070903 111

—
>> 30.0 >> 30.0 29.0

070905 11 >> 30.0 > 3 0 . 0 - -  ““ ‘“’27’.0

Fmm%-”t’--Tl>30T>3oT----–  2TFI-”------”-  I”I[)”

]mrticular  ti~llc. ‘J’l]c cunlulativc  fade d i s t r i b u t i o n  is tllcn to~llputcd l)y (Iiviclillg  the ra~lgc illtcrva)
of the fade levels into bins and gcllcrating a histogyam of’ the pcrcc]l[a{~c of fades for (!acll fadill~;
l(!V(!I.

‘1’hc culllulativc  fade distjril)lltiolls fol several rcl)rcscntativc  runs arc sllowll  ill Figure! 5. ‘J’hcsc
histogral~ls S11OW  the l)crccl]ta~c of tilnc tllc faclc is  above (or  l)(:low’) a lmrticular fade level. For
cxa]nple, for run 070901, 1% of the tilnc the faclc level  is worse  then 8 d]] 1X:1OW the r[!fercnce  level
(ill ot,l)cr wor[ls,  99% of the ti,,lc, tllc fades are l)ctt(!r t~l[!l] 8[1}1 bclolr t}lc rcfcr(!l]cc  lcvc]).  ~701’
aImt, tmr cxa]m)lc, run 070912, wc see that 1O$ZO  of th(! time tllc fade CXCCC(IS 8 dll below the rcfcrclicc
kwcl.  ‘1’lIc 1%, 5%, aIld  10% fadccxcccdancc kwcls  are tyljically us(!d to describe the shapcof  the
llistogralll  and arc tabulated for all runs of tt)e AMT caln~mign  in “J’al)l( 2.

All  curves l)ave  a  disti~lct cll+~]z~(:tclistic: a “kllcc” at 2 t o  3 d]] sigJlifyillg  a trtLllsitlioll  rcgioll
I)ctwccll  fa(lillg due to lllllltipath illtcI’fclcIlcc  fLIICl fadiIlg dllC to S]la(lowillg;. ‘J’llc cuIvc is stt!cl) for
the first few d]] which is typical of Iticcam  fading. l~clow tllc transition] Icgiol], tllc curv(!  cxllibits [L
lnorc gradual roll-ofi’ characteristic of an exponential dcpcll(lcllcy. ‘J’licse })lots s])ow clearly t}lc tilnc
snare Ilaturc of tllc fading processes at K-band. ‘1’ilis CllaliL(:tCl”iSt ic Slial)c IIas also bccll otjscrvccl
at 1,-banct  [1 O, 11, 7], at S- and Ku-bands [11], and at K-b:Lncl [12].

‘J’hc mslllts of the sole category I run  were cxpcctccl. ‘J’hc alm:llcc of ol)struct, iolis  co~nt~i~lcd

witftl  tlh(! rcjcctlion  of ally off-axis reflections by the narro~v-t]cam  alltclllla l)roduccd a signal with
1]0 al)l)rccial)lc I[lultli})ath  intc!rfcrcllcc.

‘1’llc  results of tl)c  category II runs are nlixcd. For  tll(’ llol’th-sollttl  1’1111s wllcl”c tllc lall(l tjr(![!

gco~]lctry ])rovidc!(l  arolativc]y  clear path to tile satellite, tllc results arc  ])]or]lising:  170 fade levels
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range fronl 8 to 10 d])  while the 10% fade levels arc all about 1 dB.  ‘I’l Ic 01 hcr north-south runs were

cc)nductcd c)n lanes toe) close to the trees for an unobstructed path to tllc satellite to bc conti~luously
available.  ‘1’llcsc  rulm  dis~)lay  scvcrc  fading with 1 %(I fade lCVCIS 27 d~l or g]catcr  and lo% fade lCVCIS
varying from 7.5 to 30 dI1. l“or cxaln~)lc,  rUIM 072409 072.412 were all co~lductcd  in diff”crcnt laIlcs
of ~h’all~C c;rovc ]]lvd. ‘1’hc western ~tlost hu)c  (Ill]] 07240{) the sout  hboul[d, right larlc)  ~jrovidcs

tllc best view to th(! satellite resulting in the lowest fade excccdance levels of the four runs. The
fade cxcccxlallcc  lcvc]s  bccoInc progressively worse  as tfllc ] UI1 lane Inovcs west, Culminati]lg ill run

072410 (nor thbound,  rigl]t ]an[!). The dificrencc  i]] 10% fa{]c cxcccdallcx!  ICVCIS  bctwccll the “best’ )

and ‘tworst”  lanes here is 25.5 dB. ‘1’hus  wc can scc that tllc cl~allncl  cl]araderisticx arc cxtrcnlt!ly
. .

Scllsltlvc to lane Changes.
All the cast-west rUIM  (runs 072405- 072408) show dccI  1 fades at tllc 1 % ICVC1  but v[!ry moderate

fadCS ?Lt t]lC b% and ] O%  ]CVC]S. ‘1’llis characterist ic  is  tcj bc [!xp(:ctc(l since tllc azil[lutll to tllc

satellite is 1500 (SS}0)  so that routes with a rougldy  nort]l-soutll  dircclioll I]lay find  unobstructed
%canls” bctwccn lllc foliage li~ling tllc road. TIIUS the cast-  west runs ar[ as p;ood as Lllc best north-

sc)utll  rut]s 90% to 95% of tllc tilnc but, arc much worse 10/0 of tjhc t imc sillc[! Lhc line-of-sight, path is
always skirl,  illg tll(! to~)s of tllc trees. ltuns 071016 aIld 071017 were ~mticularly interesting in that
the routes had isolated locatjiolls  wllcr(! tllc trees })roduc(d scvcrc  sllaciowillg  but were relat ively
clear ill all otllcr a r eas . ‘J’his  cllara,ct,cristic  is rcflectcd ill tllc l o w  5% a]ld  10~o f a d e  cxc[!cda~lcc

lCVC!lS (W 2 d] 1) t,ogy:t,llcr wi th  very lligll  1’% fade excccdan(c  lCWCIS (W 25 d]]).

With on(!  [!xccl)tion,  all category 111 runs showed  dcc~) fades well ill cxccss  of 30 d] 1 at tllc 1%
lCVCI a]]d ranging  frolil  27 to 30 dll at t,hc 1 0 %  lCVC1. ‘J’1](: lone cxccl)t,ioll  was l{uTI 070906  where

the oriclltatlioll l)clwc(!])  that particu12Lr  lallc and Ll]c t rccs lining t llc load allowed aII u]iol)structcd
view of tlllc sat)cllitlc for l]lost of tllc 1 ull tllc salnc characteristic observed ill tllc category II IUIIS.
‘111](’  i n a b i l i t y  of tl)c  K-lm]]c] siglml  to ~)cllctratc tllc foliap,(:, Logctll(:r wit]) tl)c  rc.jcct, ion of off-axis

rcflcctliolls  l)y tllc llarrow-bca]n alltcnna  scvcrcly,  li]nit tll(’ rcccivcd sa te l l i t e  sigua].

3 .2 .2  ~omparisons  Ilctwecm K-band and Imwer }Iands

‘1’hc 1%, 5’%, and 1 0 %  f a d e  cxcccdancc levels  arc llcl~)ful  ill facilitjallillg  colllparisolls w i th  o the r
l]loasl]l.(:~l]~!llt  catlllmiglls i~l difl’crcnt  ]ocatiolls and zLt diflkre]lt frcqumlcics.  As poi~lt,  cd out ill [1 1],
illc zLbsc ILc(!  of st,:LIldar(l definitions for various cnvironnl(!~ll  al cat(!go~i(!s  ~)l;Lkcs  t,hc rc!port,ill~  of the
rcsu]ts and coll]lxwison  of the rcslllts with otl]cr IIlc!asllrcILIclkt calrllmip;)]s l)rol)lclll:Ltic  CVC]I wl]cll

tllc oll\~itO1)lllc:lts”  for diflkrcl]t,  Cx})crilllcllts  arc classif ied ill tll(!  salllc g(]Icral catjcgorics. lIowcvcr,

solnc  gCllCIiLl  collclllsions lllzLy bc drawl)  frolrl  L1lC d a t a . ‘j’; Lblcs 3 t,o 6 Slllllll)ill’i7,(!  tllc lIlOSt, sil)lilar

conditions  frolll  otllcr ]and-lnobilc cxIJcrilncnts rclxmtcd.
‘1’lIc IJ-lmrld  ex~)crinlcnts rcl)ortjcd  in [7] sl)ow that for constant  [ll~i~clll~ll(! ltt, tile fade cxcccdallcc

lcvc]s  illcrcasc as Lllc alltcllll:L  I)cam  ~):Lttcrn Imrrows  whil(:  tllc cx~)cliulc]lts  rcl)ortcd  ill [ 1 1 ]  s h o w

tlllat  for constant (!lwironnlcnt,  the fad[! cxcccdallcc levels incrcasc as frequency illcrcascs. ‘J’bus, as
cxpCdd,  the fade CXCCCdanCC  Ic!w!Is  for t~lc llarlow-l)caln, K - b a n d  Ah4’1’  cx~)criltlcnts S11OW  dc(!l)cr

1 YO pcrcmltl  f“kdc cxcc(!dallcc  levels than the corrcslxmding  IJ-l)and  cxlJcril]lcllts. While tlLc 1 YO fade
cxcccdancc lCVCIS fbr l,IIc AM’J’ cxl)crimcnts arc ~,rcatcr, lnost of Lllc 1 0%, levels arc lower. ‘J’l]is

S11OWS that t,hc! t,illl(?-s]larc Cha rac t e r i s t i c  o f  t he  fading ~)rocc!ss  is II1lICIL  11101’(!  ])rOIlou  Ilccd fol t]l[:

AMrJ’ cx])t!ri[tlcnts. ‘1’hc illcrcascd cfl’c!ct is dllc to tll[! colnl)inatioll of tll( IIarrow  l)(!alll alltcvlna alld
tllc smx:rc  slladowi~]g  causcxl  by foliage at K-band.

‘J’]IC AM’]l rcslllt,s  arc quite sin]ilar to t,llc K-band  results rcl)m  ted ill [12] which arc sllnlnu~rizcd
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Table 3: Fade 13xceedance  Results from [7] for L-band  with 51° Elevation Angle and Two Receive
Antenna ~ain Patterns: omni-azinmth/55  °-elevation for Runs 322,343.359 and 45’-azinmth/45°-
eievation  for Runs 406,409.

1 % 5 ’70 10 %
F A D E  LEVEI  FA D E  1,EVEL  F’AI)E I,EVEL

CAT. (d13) (d)]) ((:{11)——.
hlIl 322 II 10.0 3.0 1.0
Run 343 III > 15.0 .> 15.0 14.0
RLIn 359 II 10.2 5.5 2.5
Run 406 11 16.5 10.5 7.5
Run 409 11 24.2 15.0 12.0

Table 4: Fade Uxceedance Results from [10] for Ii-band  wit]]  43° ~~levatic~ll AIIgle and Hemispherical

Receive Antenna Gain Pattern.

1 % 5% 10 %
lrAD~ J.EV~L FAr)B lJEV~L FAI)E 1  ,Rvll

C;Al’. (dII) (cl]]) @n)
city III 27.5 23.0 21.0
Highway I 3.5 2.0 1.5

Tal)lc 5: F’ade P)xcecclance  Results from [1 I] for I,-, S-, {J tld Ku- bands with 60° Illevation Angle

and 640-azimuth/640-elevation for L- and S-band lteceive Antennas; 80°- azilll~ltil/80° -clcvatioll for

Ku-band Rcceivc Antenna.

1% 5 % 1 0 7 0

I~Ar]~  LE V E L F A D E  ] ,EVEL  ~’.AI)E  l, RvE[,

cA1’. (dE\) ([1]1) (:11)).——..  —
L-bancl 11” 1 6 . 5 8.0 5.0
S-t)allcl 11 18.5 9.0 6.0
Ku-band 11 27.5 19.5 13.0

‘Jhble 6: lade l’;xccedancc Results from [12] for K- band with 55° E;levatiou  AIlglc  i~l ‘Texas and 55°
~levat ioll AIlp;lc ill Marylancl; 27° Ileamwidth  Receive Alit  enna.

1%
F.ADE l, I+vF1

CA1’. (dB)-— —....
IIastrop, ‘1’X 111-–--—---–--28.0
Austill,  1X 111 32.0
AustiIl,  ‘rx 11 15.0
Rt.108,  hll) 111 24.0
IUI’.2W,  MD 11 14.0

:) %
F.-ID I l>EVEI

(q!)
20.0
24.0

9.0
15.0

2.5

10%
F.i[>[; I, KVEI>

-_ .(dl])
15:0

21.0
7.0

11.0
2.0

1(I



in ‘1’a.blc 6. q’llc small difrcrcnccs arc prinlarily duc to tlkc different  cllvirolllllcnts. ~onlparcd  to the
experiulcnts conducted in Texas, the AM~’ expcri~ncmts  w e r e  pcrforlntc{l usi~lg a reccivc! antenna

with a lmrrowcr  bmml-widtlll  at a lower elevation a]lglc.  ~’llis conllJillat  io]l I)roduccd slightly deeper
fade cxcccda))cc levels for what appear to be rougll]y silnilar cnvilolllllcllts.

4 Summary

‘1’lle  results of the A(31’S Mobile q’(!rminal  Propagat ion ci~nlpaigll  indicate that tllc 1 YO facie cx-
cecdancc kwels  at K-band arc Inuch  higher than t,lmse at 1,-band while the 10’%o fade cxcccct~Lncc
lCVCIS at K-band arc lower. ‘1’his lx!l)avior  shows that thf mobile K-baI]d  channel is ]nore  likely

to bc cxtrmncly  “good”  o r  ex t r eme ly “bad” than sonlcwlicrc i n  bctwecll. The characteristics of

tl]c culllulativc  fade dis t r ibut ion arc strongly  d e p e n d e n t  011 emiro~tn~c~lt, CVCI] which lane tllc
vclliclc is ill. ‘1’I]c  cxtrcnl(!s s(!c]n  to bc Inucll  more scvcrc!  tit K - b a n d  tllall wha t  has bm!]l rcl)ortcd
at 1,-lballd.  ‘1’llis is duc to tllc increascc]  sensitivity of the AM1’ K-t)a~l(l  system to tllc t,ilne sllarc
nature of’ t}lc lllultilmtll and shadowing contributions  to tllc fadiug l)roc(:ss.

‘J’llc results illdicat,c that K-band pilot t,olles cxlwriencc significallt lnultil)atll and fading eflccts.

It Inay Ix: possible to dcsigm liuk nlargins  to  provide rel iable  sclvicc for t h e  lightly  shaciowcd
sul Jurlxul  el]viro~~nle~lt  at K-lmlld. IlowCvCr, for iHCa S wilh mod(!ratjc  all(l ]Ic!avy s h a d o w i n g ,  t h e
lillkllliLI'gil  lrecJllirc(l tol'calizc rcliablc coltllllullicatiC)  llswittl ~~%avzLil:L~~ilityi sc!xccssiv(! (26dl~for
moderat,c  slladowi]]g, and greater thc~l 30 d]]  for llcavy shadmvin{:).  All alternate aI)I)roacll  w o u l d
l)c to usc  slla(lc)willg/fa(lillg c[)lllltcrlllcttsllrcs ( e .g . , illterl(javed error  control coding a]k(]  a n t e n n a

diversi ty) .  Suc]l  lllitigatioll  tcchlliqucs,
:L SUbU~b;Ln  (ill\’il’C)lllllClll~, ar(! Cllrll!Iltty
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